Background: Sputum smear microscopy is the standard diagnostic method for detection of smear positive pulmonary tuberculosis (TB). Insufficient quality of sputum might result in missing cases. In this study we aimed at assessing the quality of sputum in a district in Central Java and determining patient and health worker factors associated with submission of three good quality sputum samples.
Background
Indonesia ranks third in number of notified tuberculosis (TB) cases in the world, after China and India [1] . The DOTS program has been implemented since 1995 and covered 98% of the population in 2005 [1] . In 2005, there were an estimated 240,000 smear positive pulmonary TB cases and 93,000 deaths due to tuberculosis. In the same year the national case detection rate (CDR) of new smear positive patients had reached 66% [1] .
Sputum smear microscopy is the standard diagnostic method for detection of smear positive pulmonary TB in the DOTS strategy. In settings with limited resources, such as health centers, it is considered a cost effective and appropriate method [2] . Researchers and public health professionals have repeatedly advocated the use of this method [3, 4] . In the guidelines of the Indonesian Ministry of Health smear microscopy is the preferred method for the detection of TB [5] . The quality of the microscopy results depends on the quality of the sputum sample and the quality of the microscopic examination [6] . Much work has been done to ensure high quality of microscopic examination by implementation of quality assurance measures. Only few studies have assessed the quality of sputum and factors related to quality. Adequate education of TB suspects by the health care provider has been shown to result in a substantial increase in the quality of the sample, the number of positive samples and the density of acid fast bacilli (AFB) per sputum slide [6] [7] [8] . Health service provider factors such as the experience and skill in motivating patients to provide a good sputum sample, and attitude and compliance with sputum collection procedures, may influence the number and quality of sputum samples provided by TB suspects. Also patient related factors such as gender and social economic status may influence the quality of the sputum sample.
In this study, we collected information about characteristics of sputum routinely collected from TB suspects in health centers in Klaten district, Indonesia. We assessed the quality of the sputum samples and we assessed which factors contributed to the quality. We choose to do the study in Klaten district because it is one of the 35 districts in Central Java province with the lowest case detection rate (CDR was 15.3% in 2003) [9] .
Methods
In 2004 there were 34 health centers in Klaten district; 7 laboratory referral health centers; 2 independent laboratory health centers; and 25 satellite health centers. At satellite health centers laboratory technicians collect sputum samples from TB suspects and prepare the slides. The slides are sent to a laboratory referral health center for microscopic examination. Laboratory referral health centers and independent laboratory health centers collect and examine sputum samples. We selected the four laboratory referral health centers and 12 satellite health centers that reported the highest number of TB suspects in the two years before the study (2002 and 2003) .
The TB05 form (National TB program form for ordering sputum examination for TB and recording the result) collects information about color and viscosity of the sample and the sputum examination result. To be able to obtain information about the volume of the sample we modified the TB05 form. We also modified the TB06 form (National TB program form that lists the TB suspects identified in the health center) so that it included space to write detailed address information and the laboratory register number to enable linking with the TB05 form. End of September 2004, we organized a one day training session for the doctors, paramedics and laboratory technicians responsible for the TB program to familiarize them with the study, to introduce the modified forms and to teach them how to assess the volume, color and viscosity of a sputum sample. To be able to assess the effect of the introduction of the modified forms on sputum quality we collected the TB05 forms from July, August, and September 2004, the three months before the introduction of the modified forms.
Before the training on how to use the modified forms, we interviewed a doctor, paramedic and laboratory technician in each health care facility about whether and how they motivate suspects to produce sputum, and what information is provided to the patient. According to the National TB manual, the laboratory technician or paramedic is responsible for providing the specimen container to the TB suspect and explaining how to produce a good sputum specimen [5] .
From October 1, 2004 the modified forms were introduced and the health centers were visited once a week to collect the TB05 and TB06 forms until end of March 2005. Individuals that were registered as suspect on the TB06 form were eligible for interview. The doctor or paramedic informed the suspect about the study and asked informed consent during the initial registration of the TB suspect. We aimed at interviewing TB suspects as soon as possible after registration. They were traced and interviewed in their home. We used a questionnaire with open and closeended questions about whether TB suspects knew why they had to produce sputum and how, who provided this information, and their attitude towards sputum collection. If the TB suspect was absent at the first visit the visit was repeated until the suspect was found. When the interviewer did not find the address of the suspect the name and address of the suspect were crosschecked with the head of village. If it was not possible to get the correct address the suspect was not interviewed. The tracing and the interviews were conducted by research assistants under supervision of the researchers. The research assistants were recruited from the school of public health and trained in interviewing TB suspects using the questionnaire.
From the unmodified and modified forms we retrieved information about the number of sputum samples provided by the suspects, the color, the viscosity (sputum or saliva), and the sputum examination result. From the modified forms we also retrieved information about the volume of the sample. This allowed us to assess the quality of sputum collection for all suspects registered after introduction of the modified TB05 form. Quality was considered good if it was complete (i.e. submission of three sputum samples [spot-morning-spot]) and if the quality of the three samples was good, i.e. volume at least 3 ml; color yellowish-green (purulent); and appeared to be sputum (i.e. viscous). We also used a less strict definition of good quality sputum collection, i.e. good if at least one sputum sample of good quality was submitted.
We assessed whether characteristics of the TB suspect such as sex, age, marital status, income, knowledge of TB signs and symptoms, perceived seriousness of TB, motivation to provide sputum, and accessibility of the health center were associated with the quality of the provided sputum. Knowledge was considered 'good' if the TB suspect provided the correct answer to ≥50% of the questions and 'poor' if <50% of the questions was answered correctly. Motivation to provide sputum was considered 'good' if they had a score of more than 13 (range: 0-27) and 'poor' if the score was ≤13.
We also assessed whether information that was provided to the TB suspect by the health worker, as reported by the TB suspect, influenced the quality of the sputum sample.
Data collection tools were pre-tested and adjusted after pre-testing. Data were entered, checked, validated and analyzed in SPSS 11.0 for windows. We used the chisquare test or if appropriate Fisher's exact test for comparison of categorical variables. P-values < 0.05 were considered statistically significant.
The study was provided ethical clearance by the Commission on Health Research Ethics, Faculty of Medicine, Diponegoro University and Dr. Kariadi Hospital Semarang, Indonesia.
Results
Between June 2004 and April 2005 508 TB suspects were recorded on the TB06 form, 121 (23.8%) before and 387 (76.2%) after the introduction of the modified TB05 and TB06 form. Eighty-nine (17.5%) suspects did not submit any sample, 33 (6.5%) submitted one sample, 23 (4.5%) submitted two samples and 363 (71.5%) submitted 3 samples. It seems that the introduction of modified forms had a small positive effect on the quality of the samples (Table 1 ). Both the proportion of samples with a yellowgreen color, and the proportion that macroscopically appeared to be sputum increased (p < 0.001). The effect on other parameters was not significant. The number of TB suspects who submitted three sputum samples was 79 (65.3%) before and 284 (73.4%) after introduction of modified forms (p = 0.09). Among those who submitted sputum samples, 26 (6.3%) suspects had at least one positive smear, 4 (4.8%) before and 22 (6.5%) after introduction of modified forms (p = 0.56).
In the interviews that assessed which type of information on sputum collection was provided to the suspect by the health workers, the paramedics reported that they often or always provided health education about the importance of sputum examination, while this was reported by 10 (62.5%) laboratory technicians, and by 13 (81.3%) doctors (Table 2) . Paramedics provided more often information about the methods of producing sputum compared to doctors and laboratory workers. All paramedics reported often or always informing the TB suspect to provide two spot samples and one morning sample, 14 (87.8%) often or always provided the TB suspect with information about how to produce a sputum sample, and 12 (75.0%) often or always informed the TB suspect about the criteria of a good sputum sample.
Of the 387 TB suspects that were registered on the modified TB06 form 294 (76.0%) could be traced and interviewed. The median time between the identification of the TB suspect and the date of interview was 15 days (interquartile range 25 days). Sixty-six TB suspects (17.1%) could not be interviewed because the recorded address was not detailed enough, 12 (3.1%) had moved away, and 15 (3.9%) due to other reasons such as 'died'. Four (1.0%) TB suspects refused to participate in the interview. The sex distribution and age group distribution was comparable in those that could be traced and those that could not be traced (data not shown). The sputum samples of 22 (7.5%) of the 294 interviewed TB suspects could not be evaluated because TB05 did not contain information on volume, color or viscosity; these individuals are not included in the analysis (total n = 272). Approximately half (46.7%) of the interviewed individuals were male ( Table 3 ). The mean age was 48.7 years with standard deviation (SD) of 16.7 years. Two-hundred and two respondents were married (74.3%) and 64 (23.5%) were very poor with an income less than 300,000 rupiah per-month (equals 1 US$ per day).
All individuals that were traced and interviewed remembered that they had visited a health center and 168 (61.8%) mentioned that information on the reason for sputum examination was provided (Table 4 ). This information was most often provided by the paramedic (n = 82, 48.8%), 34 (20.2%) mentioned that the laboratory technician provided the information and 17 (10.1%) the doctor. Thirty-five (20.8%) mentioned that the information was provided by more than one health care worker. Only 66 (24.3%) of the 272 interviewed respondents remembered that they were informed about how to produce a sputum sample. The most frequently suggested method was to drink water (n = 32, 48.5%). Other suggested methods were to take a deep breath (n = 12, 18.2%) or to hold ones breath (n = 3, 4.5%). Only 40 (14.7%) TB suspects recalled being informed about the characteristics of good quality sputum samples. Thirtyfive (87.5%) were told that the color of the sputum should be yellow/green. Five (12.5%) recalled being told that the volume of the sample should be at least 3 ml. Information about the quality of a sputum sample was most often provided by the laboratory technician (n = 21, 52.5%). Fourteen (35.0%) TB suspects received the information from paramedics and only 2 (5.0%) received the information from a doctor. Three (7.5%) received the information from more than one health worker. Most (n = 229, 84.2%) TB suspects said not to feel ashamed to produce a sputum sample outside the health center. Also 249 (91.5%) reported not being afraid that others would learn about their disease.
Of the 272 TB suspects 37 (13.6%) provided three good quality sputum samples, 90 (33.1%) provided at least one good sample, and 203 (74.6%) provided 3 sputum samples. None of the TB suspect factors about which we have collected information was significantly related to the quality of sputum provision (Table 3) . Whether or not information about the reason for sputum examination, the method of sputum production, or the characteristics of a good sputum sample was provided by the health worker according to the TB suspect did not influence the quality of the provided sputum samples (Table 4) . Also, if we used the less strict definition of good quality sputum collection we did not find any factor that predicted whether the TB suspect provided good or poor quality sputum (Table 5 ). Comparing completeness of sample collection (i.e. 3 samples) with all potential explanatory factors showed only low income to be related to incomplete sample collection (Table 6 ). Those with good quality sputum collection appeared to be diagnosed with smear positive TB (i.e. at least two positive smears) more frequently (strict definition p = 0.02, less strict definition p = 0.12), Table 7 and Table 8 .
Discussion
Examination of sputum samples by microscopy is the main method used for diagnosis of tuberculosis in the public health care system of Indonesia. To achieve maximum sensitivity of this diagnostic test it is essential to have a good quality sputum sample, i.e. the sample should contain mucoid or mucopurulent material and the volume should be at least 3 ml [10] . Furthermore, 3 samples should be examined before smear positive tuberculosis can be excluded. In Klaten district only few TB suspects provided 3 samples of good color, viscosity, and volume. We assessed whether this was due to poor health education. Although a high percentage of the TB suspects did not recall being informed about the reason for sputum examination, the method of sputum production and the characteristics of a good sputum sample we did not find this to be related to having submitted three good quality sputum samples or not. It is possible that those who produced poor quality sputum samples did not have lung pathology and were therefore not able to cough up good quality sputum. According to the guidelines of the National Tuberculosis Program of Indonesia a TB suspect is a person with cough for more than three weeks [5] . The person may have other symptoms as well. After our study the definition for a TB suspect has been revised into having productive cough for two weeks or more [11] . If suspect identification is performed properly, a high percentage of suspects should be able to cough up sputum after adequate health education. Also, an adequate TB suspect definition should result in a reasonable percentage of smear positives. According to the National TB manual on average 10% of the examined smears should be positive. [5] . The percentage positive smears in our study was lower. This might be explained by an inappropriate suspect definition. However, it is more likely due to the low quality of sputum samples. The prevalence of HIV is low in our study area (<1%), and does not explain the low percentage of positive smears [12] .
We assessed other explanations for the poor quality of sputum such as stigma or transportation difficulties to the * Never: Not one of the examined TB suspects was provided with the information Rare: Information was provided to <25% of the examined TB suspects Occasionally: Information was provided to 25-50% of the examined TB suspects Often: Information was provided to >50% of the examined TB suspects Always: Information was provided to all TB suspects who were examined. *the samples of 22 interviewed TB suspects were not evaluated for volume, color and viscosity. These 22 TB suspects are excluded from the analysis # Knowledge was considered 'good' if the TB suspect provided the correct answer to ≥50% of the questions and 'poor' if <50% of the questions was answered correctly $ Motivation to provide sputum was considered 'good' if they had a score of more than 13 (range: 0-27) and 'poor' if the score was <13. ** Don't know not included in chi square test health care facility. Stigma does not seem to be an important explanation for the low quality of sputum since most TB suspect respondents did not indicate that they were afraid that their disease would be known by others and they did not find it problematic to cough up sputum outside of the health care facility. Also perceived transportation difficulties or high costs were not related to the quality of sputum collection.
We asked health workers whether they provided information about why and how to produce sputum and about the characteristics of a good sputum sample. We also asked TB suspects whether the information mentioned above was provided by a health worker. The majority of the health workers said that they provided the information. Also, the majority of the TB suspects remembered being informed by the health worker about the reason for the sputum examination. However, only 24% of the interviewed TB suspects remembered being told how to produce a sputum sample, and only 15% remembered that the health worker informed them about the characteristics of a good sputum sample. This discrepancy might be due to recall bias. For most TB suspects the time between identification as TB suspect and the interview was not very long. All TB suspects were interviewed within 6 months after identification as a TB suspect, and for most the time between being identified as a TB suspect and the interview was much shorter than 6 months. It is therefore also possible that although the health workers have provided the information to the TB suspects the information was not provided in a way that was well understood by the TB suspects and remembered. Therefore, training of health workers in providing information about sputum production using methods suitable for the target population is needed. Since paramedics are widely available in the primary care setting in Indonesia and paramedics have frequent contact with patients the training can start with this group.
A study in Nicaragua, in which TB suspects were interviewed one to two months after being identified as TB suspect, showed that most TB suspects remembered that they were informed about why and how to produce a sputum sample [13] . Even though, 46% of the samples were salivary and 40% less than 5 ml. Thus providing information is not sufficient. Therefore, we recommend that health workers check the volume and appearance of the sample when it is submitted. If needed, they can provide additional information and collect a new sample.
Two studies that tested simple interventions for improving the quality of sputum using a randomized trial design showed an increase in the quality of sputum and the yield of positive smears [6, 8] . In a study from Indonesia, the intervention especially increased the number of TB suspects that provided a sample of > 5 ml volume [6] . It has been shown that samples of adequate volume are more often positive by smear microscopy [4] . A trial in Pakistan was especially successful in increasing the percentage of women with a positive smear using a two minute instruction by a health worker [8] .
The main limitation in our study is that we had to introduce modified forms to be able to measure the quality of the sputum samples and to obtain the address of the TB suspect. The introduction of the modified forms might have influenced the health workers so that they were more aware of the importance of the quality of the sputum sam- Table 4 : Association between type of health education received by the TB suspects according to the interview with the TB suspect and the quality of sputum collection, i.e. three samples submitted with volume ≥ 3 ml, color yellow-green, and correct viscosity.
Information provided by health worker
Individuals with poor quality sputum collection (n = 235) N (%)
Individuals with good quality sputum collection (n = 37) N (%) * the samples of 22 interviewed TB suspects were not evaluated for volume, color and viscosity. These 22 TB suspects are excluded from the analysis Table 5 : TB suspect factors associated with good quality sputum collection using the less strict definition (i.e. at least one sputum sample with volume ≥ 3 ml, color yellow-green, and correct viscosity).
Variable
Individuals with poor quality sputum collection (n = 182) N (%)
Individuals with good quality sputum collection (n = 90) N (%) * the samples of 22 interviewed TB suspects were not evaluated for volume, color and viscosity. These 22 TB suspects are excluded from the analysis # Knowledge was considered 'good' if the TB suspect provided the correct answer to ≥50% of the questions and 'poor' if <50% of the questions was answered correctly $ Motivation to provide sputum was considered 'good' if they had a score of more than 13 (range: 0-27) and 'poor' if the score was <13. ** Don't know not included in chisquare test * the samples of 22 interviewed TB suspects were not evaluated for volume, color and viscosity. These 22 TB suspects are excluded from the analysis # Knowledge was considered 'good' if the TB suspect provided the correct answer to ≥50% of the questions and 'poor' if <50% of the questions was answered correctly $ Motivation to provide sputum was considered 'good' if they had a score of more than 13 (range: 0-27) and 'poor' if the score was <13. ** Don't know not included in chisquare test ple and provided more information to TB suspects. We did observe a small increase in the percentage of samples with good color and viscosity. So the results of our study might be too positive.
Conclusion
This study shows that a large number of sputum samples submitted for microscopic examination are of insufficient quality. This may have a significant impact on the number of TB cases diagnosed since the chance of finding bacilli is lower in sputum samples of insufficient quality. Given that most TB suspects do not recall being informed on how to produce sputum we feel that training of paramedics and laboratory technicians, in providing health education to the TB suspect about the reason for sputum examination and how to produce a good quality sputum sample should be a priority of the TB program. Furthermore, continuous supervision and monitoring of the performance of the health workers is crucial to improve and sustain sputum collection. 
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